Experimental Procedures Materials
Tetrachloroauric acid (HAuCl 4 ), silver nitrate (AgNO 3 ), sodium iodide (NaI), polyvinylpyrrolidone (PVP, MW = 40,000), N-methyl-2-pyrrolidone (99.5%), methanol (99.8%), formaldehyde (36.5-38% in H 2 O), formic acid (> 95%), ethanol, hydrochloric acid (HCl), and sodium borohydride (NaBH 4 ) were purchased from Sigma Aldrich (St. Louis, MO). Trisodium citrate (Na 3 C 6 H 5 O 7 ) and sodium hydroxide (NaOH) were purchased from Fisher Scientific (Hampton, NH). All chemicals were used as received without further purification. All glassware was cleaned with aqua regia solution, followed by copious rinsing with Nanopure™ H 2 O (Barnstead, 18.2 MΩ cm) prior to use. Caution! Aqua regia is highly corrosive and toxic: handle with care and use appropriate personal protection equipment.
Instrumentation
Ultraviolet−visible−near infrared (UV−vis−NIR) spectra of Au nanoprisms were collected on a Shimadzu UV-1800 spectrophotometer. The complete Au nanoprism extinction spectrum (400-1600 nm) was obtained on a Cary-5000 UV−vis−NIR spectrophotometer by dispersing the sample in D 2 O to avoid interference from H 2 O in the NIR region. Zeta potential analysis of PVP was conducted at 25 °C on a Zetasizer Nano-ZS (Malvern). Scanning electron microscopy (SEM) analysis of the Au nanoparticles was conducted on an FEI Nova Nano 430 SEM operated at 15 kV at the Nanoscale Research Facility at the University of Florida (UF). Transmission electron microscopy (TEM) samples were prepared by dropping 6 μL of the Au nanoparticle suspension onto a Holey Carbon 400 mesh Cu grid (Ted Pella, Inc.) and allowing the grid to dry in ambient air. TEM analysis was then performed using a JEOL 200CX TEM (located at the Major Analytical Instrumentation Center at UF) operated at 200 kV. Additional high-resolution transmission electron microscopy (HRTEM) images were acquired using a JEOL 2100F HRTEM equipped with a Schottky field-emission gun (FEG) with Cs = 1.0 mm operated at 200 kV (located at Brookhaven National Lab (BNL), Upton, NY). Annular dark-field scanning transmission electron microscopy (ADF-STEM) imaging was conducted on a Cs-corrected Hitachi HD-2700C microscope equipped with a Cold-FEG and operated at 120 kV (located at BNL, Upton, NY). Images were acquired using a probe convergence semi-angle of 23 mrad, with the inner collection angle of the ADF detector at 53 mrad. Electron energy loss spectroscopy (EELS) data was acquired with a Gatan Enfina spectrometer. The collection angle was approximately 15 mrad while the dwell time was 0.032 s and the spectrometer dispersion was set to 0.05 eV per channel. Energy resolution of the system, as defined by the FWHM and FWTM of the zero loss peak (ZLP), was approximately 0.35 eV and 0.85 eV, respectively. The ZLP was removed using a fitted logarithmic tail model in Gatan Digital Micrograph. The distribution of plasmon modes was plotted by integrating over a 0.1 eV-wide window centered on the indicated energy value. Lastly, to account for variation in the EELS signal, the intensity of each mode was normalized at each point. This normalization was accomplished by dividing its value by the total intensity of the corresponding EELS spectrum. The thickness of individual Au nanoprisms on the Si substrate was measured using an atomic force microscope (AFM, Asylum
Research MFP-3D TM ) operated in tapping mode (located at Pacific Northwest National Lab (PNNL) in Richland, WA). The 2 × 2 μm 2 scan was conducted with a scan rate of 1.0 Hz using the non-contact AFM probes (TETRA15 from K-TEK Nanotechnology). Nanoscale secondary ion mass spectrometry (NanoSIMS) multi-element maps were acquired from Au nanoprisms on a Si wafer using a Cameca NanoSIMS 50L (located at PNNL, Richland, WA To identify the products of methanol oxidation, the reactor headspace gas was examined by gas chromatography both before and after 2 h of light irradiation. The composition of the gas sample (0.2 mL) was detected using a Shimadzu GC-2014 gas chromatograph equipped with a thermal conductivity detector (TCD) and Ar was used as the carrier gas at a flow rate of 25 mL/min. The reference sample was a mixture containing methanol, formaldehyde, and formic acid. Electrochemical experiments were conducted using a three-electrode electrochemical cell controlled by a potentiostat (EC Epsilon, Bioanalytical Systems, Inc. (Fig. 1b, red points) with the SPR of the Au nanocrystals (Fig. 1b, black curve) .
Taken together, these results demonstrate that the incident excitation wavelength directly determines the total consumption of Au precursors in the growth solution over the course of the reaction and therefore affects the final size of the Au nanostructures produced. . These data reveal that PVP adsorbs along the Ag nanoprism perimeter, which is exactly where it was observed in the Au system. Such similarity between material systems confirms that the adsorption location of PVP determines the anisotropic growth direction during plasmon-driven nanoprism synthesis.
The synthesis of Ag nanoprisms was conducted through a similar fashion as for the Au nanoprisms. Ag seeds were first synthesized according to a previously described method 4 . A photochemical growth solution was prepared by adding 5 mg of PVP to a mixture of 8 mL Nanopure™ H 2 O and 2 mL methanol. Then, 40 μL of 50 mM AgNO 3 aqueous solution and 50 μL of the above-mentioned Ag seed solution were added to the growth solution and gently mixed.
The growth solution was then illuminated for 8 h with a halogen lamp (Dolan Jenner, Model No.
MI-150) equipped with a 400 ± 10 nm bandpass filter (Thor Labs, Inc.) under an incident power density of I 0 ~12 mW/cm 2 on the sample surface. Nanostructure growth products were collected after synthesis by centrifugation at 5,000 rpm for 5 min and redispersed in Nanopure™ H 2 O.
This procedure was repeated two more times to remove excess surfactants from the nanostructure surface before the characterization of the sample by electron microscopy. These nanoparticles were washed the same way for the preparation of NanoSIMS samples. The growth rates (ѵ) show remarkable differences under dark and light conditions, as well as between nanocrystal morphologies. All growth rates are given relative to the planar-twinned seeds in the dark (ѵ PT, Dark ) to enable direct comparison. For instance, the growth of the multiply-twinned decahedrons is about 500 times faster in the light (ѵ MT, Light ) than in the dark (ѵ MT, Dark ), and the decahedron growth rate in the dark (ѵ MT, Dark ) is about 400 times faster than the planar-twinned nanocrystals in the dark (ѵ PT, Dark ). However, under visible-light irradiation, the growth rate of the planar-twinned nanocrystals (ѵ PT, Light ) is about 10 times faster than that of the decahedrons (ѵ MT, Light ). Similarly, the growth of the planar-twinned nanocrystals increases under light irradiation, but much more dramatically than that of the decahedrons, with a growth rate that is ca. 2 × 10 6 times faster in the light (ѵ PT, Light ) than in the dark (ѵ PT, Dark ). These remarkable differences in growth rate between nanocrystals inspired the development of a new seed separation strategy for producing Au nanoprisms (see Scheme S1). Scheme S1: Seed separation method for the high-yield synthesis of Au nanoprisms.
a, The dark reaction is first carried out for 36 h to significantly enlarge the multiply-twinned Au nanocrystals over the planar-twinned nanocrystals due to the different growth rate between these nanocrystals under dark and light conditions (see Table S1 ). The optimal incubation time typically ranged from 18 h to 36 h. b, After this dark incubation period, the multiply-twinned structures were large enough to be removed from the growth solution by centrifugation at 10,000 rpm for 10 min (as shown in the SEM image on the left). c, The entire supernatant, now highly enriched in planar-twinned nanocrystals, is then redispersed in a clean vial and irradiated with 500 ± 10 nm light for 2 h. d, After the reaction, the nanoprisms dominate the distribution (~90% yield by shape) and can be isolated from the reaction solution by centrifugation at 5,000 rpm for 5 min (as shown in SEM image on the right). 
